Background of the Study: Knee muscle strength is a major contributor to the quality of life particularly in the elderly population. Various factors that can contribute to the strength needs to be examined, so that intervention can be taken at appropriate time to maintain the quality of life.
function without sustaining substantial wear. Optimum mechanical loading is a significant factor in regulating metabolism and enzymatic activity, required for the production of proteoglycans, which act as a sort of shock absorbers, as they get compressed and dissipate force on the rest of the joint surface, thereby minimizing the pressure on articular cartilage [3] , hence is important in maintaining healthy articular cartilage.
Joints are composed of specialized connective tissues which, from a functional point of view, act synergistically, to effectively and efficiently deal with the mechanical loads, encountered over a lifetime [1, 2] . One of the most important connective tissue, contributing to this normal articular function is articular cartilage. Due to unique structural composition and biomechanical properties, articular cartilage performs this thickness [11] as well as integrity [12] . It has also evolved as a tool to study progression of osteoarthritis [13] . Recently ultrasound has been developed to measure surface fibrillation and tissue thickness [11] . Previous researches have suggested that sonographic examination is highly sensitive for determining structural properties, roughness and thickness of cartilage [12, 14, 15] . Cartilage integrity is evaluated in terms of Cartilage clarity and Cartilage grade. Cartilage clarity is defined as how well the cartilage borders can be distinguished from the overlying intra-articular soft tissues. Cartilage clarity is ranked into 4 grades. Grade 1 implies to excellent; grade 2 implies to good; grade 3 implies to fair and grade 4 implies to poor [16] . Cartilage interface is estimated by the criteria as laid down by the International Cartilage Repair Society (ICRS). This criterion divides the cartilage integrity or interface into 5 grades. Grade 0 implies to normal cartilage; grade 1 implies to near-normal cartilage with superficial lesions; grade 2 implies to cartilage with lesions extending to less than 50% of the depth of the cartilage; grade 3 implies to cartilage with defects that extend to more than 50% of the depth of the cartilage and grade 4 implies to severely abnormal cartilage with cartilage defects reaching to subchondral bone [17] . Muscle wasting can be a consequence of normal aging process. Muscle loss starts at around the age of 30 years and continues throughout the life. There is gradual reduction in the number and size of muscle fibers which is turn causes gradual loss of muscle mass and strength. This mild loss of strength put increased stress on joints particularly the weight bearing joints such as knee, hip etc. predisposing the person to joint degenerative changes and finally pain and reduced mobility. The aging process is also marked with reduction in the number of fast contracting muscle fibers than slow contracting muscle fibers which unable the muscle fibers to contract quickly in old age [18] . There are number of methods to assess muscular strength of different muscle groups of lower limb. The most commonly used methods are cable tensiometer, isokinetic dynamometer, push-pull dynamometer, Jamar's dynamometer Aging influences articular cartilage homeostasis and is, thereby, involved in the pathogenesis of degenerative joint diseases such as osteoarthritis. Aging process has been characterized by changes in almost all the tissues of the body, be it connective, muscular or skeletal, which leads to gradual reduction in capacity to do work. The changes in the body tissues are marked with decreased joint mobility, decreased muscle strength, increased stiffness, generalized weakness, increased risk of falls, increased incidence of fractures, decreased immunity and reduction in water content of the body [4] . The relationship between aging and joint changes is well known but the mechanisms of how the aging is predisposing the joint to changes is not completely understood [5] . Age related changes that occur in articular cartilage has been one of the contributing factor of osteoarthritis which is indeed the most common condition which effect the aging population. There have been studies which have found thinning of articular cartilage of knee with aging particular at the femoral site [6] and the patella [7] suggesting a gradual loss of cartilage matrix. Exact underlying mechanism of gradual loss of cartilage matrix is not fully understood. Probably this could be due to loss of cells and decreased growth factor activity. Another reason could be the reduction in water content of the cartilage since the cartilage is 70-80% water [5] . Cartilage health can be assessed by a wide variety of equipments. Previously in older times, radiography was considered as gold standard for assessment of osteoarthritis. In recent times, more advanced have been evolved to visualize soft tissue, cartilage and bony health which include High-frequency Sonography, Magnetic Resonance Imaging (MRI), and Optical Coherence Tomography etc [8] . MRI remains a powerful tool that is able to visualize a broad spectrum of cartilage health, but its cost, limited availability and exclusionary criteria for use in certain patients are practical disadvantages [9] . High Resolution sonography is an accurate, inexpensive, readily accepted, non-ionizing and non-invasive method for imaging the musculoskeletal system [10] . Sonography may provide information of cartilage Amandeep Singh, Narinder Kaur Multani, Harneet Narula. EFFECT OF AGE, CARTILAGE HEALTH AND PAIN ON THE ISOMETRIC STRENGTH OF KNEE MUSCULATURE: A CROSS-SECTIONAL STUDY.
etc. Cable tensiometer has been used in the number of previous studies to measure isometric strength of both upper limb as well as lower limb musculatures [19] [20] [21] [22] . Previous studies have found the effect of aging on the muscle strength. The authors were not able to find out the effect of changes in the cartilage on muscle strength of knee flexors and extensors. Therefore, the present study was aimed to find the variation of knee musculature strength with the progression in age, pain and cartilage health.
PATIENTS, MATERIAL AND METHODS
The study design was cross-sectional in nature.
The study was conducted in Gian Sagar Hospital, Rajpura, in the state of Punjab in India. The subjects were recruited from the patients coming to Physiotherapy OPD and surrounding areas. Sonography was conducted in the radiology department of Gian Sagar Hospital by the radiologist. Inclusion criteria of the subjects include: Subjects in the age range of 30-70 with or without knee pain. Non-traumatic knee pain. Both male and females Exclusion criteria of the subjects include: Subjects with any history of fracture of lower limb in the last 1 year, Any history of surgery in lower limb, Subjects with soft tissue injury during the last 1 year, Tumour, Any diagnosed neuromuscular disease. The study was approved by the ethical committee of Gian Sagar group of Institutes. 320 subjects satisfying the inclusion and exclusion criteria were made part of the study. To ensure uniform distribution of age of subjects, 8 groups, with 40 subjects each, was made taking age as criterion such that there was a difference of 5 years between different groups such as 31-35, 36-40, 41-45 and so on till 66-70. After taking written consent from the subjects, detailed assessment of the subjects was done for knee pain. Readings were noted down of age, height, weight, BMI and VAS. Isometric muscle strength of knee flexors and extensors was estimated using cable tensiometer with the subject in prone lying position [20] and high sitting position [19] respectively. Then the sonograph of the subjects was done by the radiologist. The cartilage integrity of interface was viewed and the appropriate grade was given to the cartilage clarity and cartilage grade by the radiologist as per the criteria laid down by ICRS. One time readings of the patients were taken. STATISTICAL ANALYSIS AND RESULTS Table 5 and 6 denotes the correlation of cartilage clarity and cartilage interface respectively of each knee with the isometric strength of extensors and flexors. There came out to be mild negative association between the cartilage parameters of clarity and interface with isometric strength of both flexors as well as extensors of both knees. in pain score is causing significant reduction in the knee musculature strength. Table 7 represents the correlation of VAS with the isometric strength of both knees. There came out to be highly significant negative relationship between VAS and all the strength parameters of both knee which indicates that increase
The present study was conducted to evaluate the effect of age, VAS and cartilage health on the strength of knee flexors and extensors. 320 subjects in the age range of 31-70 years, with and without knee pain were made part of study. The cartilage health was elucidated using cartilage clarity and interface was examined using sonography and appropriate grading was done by the radiologist. The isometric strength of knee flexors and extensors was measured with the help of cable tensiometer. Table 1 represents the gender distribution of the subjects. 162 males (50.625%) and 158 females (49.375%) were made part of the study. It is clear that the there is no significant difference between the male and female ratio and the subjects were fairly distributed. Table 2 represented the demographic details of the subjects. The mean age of the subjects is 50.4750 ± 11.6134. This shows that the subjects were fairly distributed in the age range taken for the study. The mean BMI of the subjects is 27.9146 ± 4.3710. The subjects taken are normal to mild obese category. The mean VAS score of the subjects is 3.2250 ± 2.8305. The subjects recruited for the study has mean VAS score in mild to moderate category. The uniform distribution of the subjects in the study helps the result to be generalized to the whole population. The uniform distribution of the subjects selected has been supported by the study done by Slemenda et al., 1997; Douma et al., 2014.
There was non-significant difference in the number of the male and female subjects [23, 24] . The isometric strength of flexors and extensors showed non-significant differences between right and left knee at 5% level of significance (Table 3) , giving an inference that there is no difference between the isometric strength of both the muscle groups. Our findings are in compliance with the study done by Douma et al., in 2014 which have also concluded nonsignificant difference of knee musculature strength of both the lower limbs [24] . There came out to be moderate negative association between age and isometric strength of knee musculature This might be attributed to the fact that with advancement of age, the number and size of muscle fibers decrease leading to muscle wasting. The finding that there is reduction in the muscle strength with BMI and advancement of age is supported by the finding of Douma et al., 2014 who also concluded that there is reduction in muscle strength with age but the variation is less significant [24] . The moderate association gives an inference that age definitely leads to reduction in the muscle strength but it seems, not the only factor which causes reduction in muscle strength. The correlation between the cartilage parameters of clarity and interface and knee musculature strength showed negative mild association (Table 5 & 6) . Cartilage parameters degenerate with advancing age. Due to this degenerative process, there is reduction in cartilage resiliency and hydration, resulting in increased degradation of cartilage, increased roughness of its surface and increased susceptibility to osteoarthritis [3, [25] [26] [27] [28] [29] [30] [31] . Hence, due to proven negative impact of osteoarthritis on muscle strength [23, [33] [34] [35] [36] [37] , cartilage health showed reduction in muscle strength with advancing grades of clarity and interface. The relationship between VAS and strength of knee flexors and extensors came out to be highly significant in the negative direction (Table 7) . This signifies that the VAS and strength are inversely proportional i.e. when pain increases, strength or force exerted by muscles decreases and vice versa. This might be attributed to the fact that pain causes the surrounding muscles into spasm, so those muscles will not be able to exert full force or strength. Previous researches have also supported this finding of gradual reduction in strength with pain [38, 39] . Limitations: The main limitation of the study is the small sample size. This study can be replicated by taking a larger sample size.
it is also concluded that the knee musculature strength is significantly dependent on VAS i.e. there is gradual decrease in muscle strength with pain level.
CONCLUSION
Therefore, the conclusion of the study is that there is a gradual reduction in knee musculature strength with progression in age. The deterioration of cartilage health also leads to reduction in the isometric muscle strength of both knee flexors as well as extensors. Further, 
